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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: ) Art Unit: 

Kenji KUBOMURA et al . ) 

IA No,; PCT/JP00/02652 ) 

) Washington, D.C. 

IA Filed: 24 April 2000 ) 

U.S. App . No . : ) 

(Not Yet Assigned) ) 

) December 26, 2000 

National Filing Date: } 
(Not Yet Received) ) 

For: FIBER-REINFORCED RESIN ... ) Docket No.:KUBOMURA 1 

PRELIMINARY AMENDMENT 

Honorable Commissioner for Patents and Trademarks 
Washington, D.C. 20231 

Sir: 

Contemporaneous with the filing of this case and 
prior to calculation of the filing fee, kindly amend as 
follows : 

IN THE SPECIFICATION 

After the title please insert the following 

paragraph: 

— The present application is the national stage 
under 35 U.S.C. 371 of PCT/ JP00/02 652 , filed 24 April 2000.— 



IN THE CLAIMS 

Claim 3, line 3, delete "claims 1 or 2", and insert 
therefor --claim 1 — . 

Claim 5, line 3, delete "at least one of claims 1 
through 4", and insert therefor — claim 1 — . 

Claim 6, line 4, delete "one of claims 1 through 5", 
and insert therefor — claim 1 — . 

If, inadvertently, a proper multiple dependent claim 
has not been amended to reduce it to single dependency, please 
amend it to be dependent solely on the first-mentioned claim, 
or, if that is not possible, please cancel the claim and 
notify the undersigned. 

REMARKS 

The above amendment to the specification is being 
made to insert reference to the PCT application of which the 
present case is a U.S. national stage. The above amendments 
to the claims are being made in order to eliminate multiple 
dependency and for the purpose of reducing the filing fee. 
Please enter this amendment prior to calculation of the filing 
fee in this case. 



X 



> 1 > T 



Favorable consideration and allowance are earnestly 

solicited. 



Respectfully submit ted, 
BROWDY AND NEIMARK, P . L . L 
Attorneys for Applicant 



By: 





4^ 



SN: wrd 



^hefidan N^imaAk 
Registration No. 20,520 




Telephone No.: (202) 628-5197 
Facsimile No.: (202) 737-3528 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: 
Kenji KUBOMURA et al. 



IA No.: PCT/ JP00/02652 
IA Filed: 24 April 2000 

U.S. App . No . : 

(Not Yet Assigned) 

National Filing Date: 

(Not Yet Received) 

For: FIBER-REINFORCED RESIN 



Art Unit; 



Washington, D.C, 



December 26, 2000 



Docket No.:KUBOMURA 1 



SUPPLEMENTAL PRELIMINARY AMENDMENT 



Honorable Commissioner for Patents and Trademarks 
Washington, D.C. 20231 



Sir: 



Prior to examination upon the merits, kindly amend as 



follows : 



IN THE CLAIMS 



Please add the following claims: 



— 7. In-plane quasi-isotropic fiber reinforced resin 
composite material having a reduced coefficient of linear 
expansion as claimed in claim 2, wherein said coefficient of 
linear expansion is reduced by combining sheets woven by one 
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kind or more than reinforced fibers of which a coefficient of 
linear expansion is controlled by a three dimensional structure 
of twisting yarn, biaxial textile or triaxial textile. 



8. In-plane quasi-isotropic fiber reinforced resin 
composite material having a reduced coefficient of linear 
expansion selected from material claimed in claim 7. 



9. In-plane quasi-isotropic fiber reinforced resin 
composite material having a reduced coefficient of linear 
expansion selected from material claimed in claim 2. 



10. In-plane quasi-isotropic fiber reinforced resin 
composite material having a reduced coefficient of linear 
expansion selected from material claimed in claim 3. 



11. In-plane quasi-isotropic fiber reinforced resin 
composite material having a reduced coefficient of linear 
expansion selected from material claimed in claim 7. 



12. Yarn prepreg, one-way prepreg, biaxial textile, 
triaxial textile, four axial textile or a prepreg formed by 
these textile used for in-plane quasi-isotropic fiber 
reinforced resin composite material as clataed in claim 11, 

-2- 



1 J 

wherein a coefficient of linear expansion of said material is 
controlled. 

13. Yarn prepreg, one-way prepreg, biaxial textile, 
triaxial textile, four axial textile or a prepreg formed by 
these textile used for in-plane quasi-isotropic fiber 
reinforced resin composite material as clamed in claim 10, ^a/ 
wherein a coefficient of linear expansion of said material is 
controlled. 

14. Yarn prepreg, one-way prepreg, biaxial textile, 
triaxial textile, four axial textile or a prepreg formed by 
these textile used for in-plane quasi-isotropic fiber 
reinforced resin composite material as cloned in claim 9, 5^ 
wherein a coefficient of linear expansion of said material is 
controlled. 



15. Yarn prepreg, one-way prepreg, biaxial textile, 
triaxial textile, four axial textile or a prepreg formed by 
these textile used for in-plane quasi-isotropic fiber 
reinforced resin composite material as cloned in claim 8, 
wherein a coefficient of linear expansion of said material is 
controlled. 
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16. Yarn prepreg, one-way prepreg, biaxial textile 
triaxial textile, four axial textile or a prepreg formed by 
these textile used for in-plane quasi-isotropic fiber 
reinforced resin composite material as clamed in claim 7 , 
wherein a coefficient of linear expansion of said material is 
controlled, 

17. Yarn prepreg, one-way prepreg, biaxial textile 
triaxial textile, four axial textile or a prepreg formed by 
these textile used for in-plane quasi-isotropic fiber 
reinforced resin composite material as clamed in claim 5, 
wherein a coefficient of linear expansion of said material is 
controlled. 

18. Yarn prepreg, one-way prepreg, biaxial textile 
triaxial textile, four axial textile or a prepreg formed by 
these textile used for in-plane quasi-isotropic fiber 
reinforced resin composite material as cl^raed in claim 4, 
wherein a coefficient of linear expansion of said material is 
controlled. 

19. Yarn prepreg, one-way prepreg, biaxial textile 
triaxial textile, four axial textile or a prepreg formed by 
these textile used for in-plane quasi-isotropic fiber 



reinforced resin composite material as cloned in claim 3, 
wherein a coefficient of linear expansion of said material is 
controlled. 

20. Yarn prepreg, one-way prepreg, biaxial textile, 
triaxial textile, four axial textile or a prepreg formed by 
these textile used for in-plane quasi-isotropic fiber 
reinforced resin composite material as claimed in claim 2, 
wherein a coefficient of linear expansion of said material is 
controlled. 

REMARKS 

Claims 1-20 presently appear in this case. The 
above amendments to the claims are being made in order to add 
new claims and to restore at least partly the varying scope of 
claims which was eliminated by the elimination of multiple 
dependencies in the claims. 



Favqrable consideration is earnestly solicited. 



Respectfully submitted. 



SN: wrd 

Telephone No. 
Facsimile No. 



[202) 628-5197 
1202) 737-3528 



BROWDY AND NE1MARK, P.L.L.C. 
Attorneys for Applicant 




SEferldan Neimark 
Registration No. 20,520 
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SPECIFICATION 

FIBER R EINFORCED R ES IN COMPOSITE M ATERIAL 
HAVING REDUCED COEFFICIENT OF L INEAR EXP ANSION 

Field of the Invention' 
The present invention tfel«t«s to fiber reinforced resin 
material having a reduced coefficient ol linear expansion, 
particular relates to fiber reinforced resin material having a 
c- coefficient of linear expansion of substantially zero. 

Background of the Invention 
^ £n a conventional -art, fiber reinforced rcoin composite 

^material having a reduced coefficient of linear expansion can 
O accomplish physical and chemical characteristics suitable for 
its purpose by selecting a combination of reinforced fiber and 
l=J resin matrix, and nas been broadly used* Particularly/ fiber 
□reinforced resin composite material is strong with respect to 
PI chemical reaction and corrosion environment, and has a low 
■^sp^cific gravity and high stiffness in general. Th© material 
Uhaa been broadly utilised as structures and parts in the field 
of an aircraft and space environment, applicable to parts of fine 
c machinery devices, material o£ c ones true ti on or sporting goods. 

In the case of utilizing material as structural parts for 
fine tools used in an environment thermally influenced, it would 
become a serious problem caused by tnermai expansion in accordance 
with a temperature varying. For example, in the case of an 
artificial satellite, a temperature at a side confronting with 
sun and a temperature at a side opposite to sun are remarkably 
different so that installed fine tools ar^ baneful influenced 



by Thermal expansion in such an environment- in a field of a 
semiconductor manufacturing device, an optical tool and a fins 
processing device, baneful influence caused by thermal expansion 
should be reduced as less as possible. 

In a. conventional art, although material having reduced 

coefficient of thermal expansion such as Inver alloy, quartz glass / 
carbon fiber reinforced rssin composite material has been used/ 
these are metal, silica system marerial or limited material. In 

the case of the material r its utility, stuen^th, specific gravity 
and manufacturing cost would be restricted. It is required a 
coefficient of liner expansion as less as possible so as to utilize 
a fiber reinforced resin composite material in the various field 
described above* In order to control a coefficient of linear 
expansion of fiber reinforced resin composite material, it is 
prefer to use reinforced riser and matrix resin of which a 
coefficient of linear expansion is low or substantially zero. 
However, it is not an actual way to provide the characteristic 
described above with respect to the both of the reinforced fiber 
and the resin matrix. There has been an experiment to reduce 
a total coefficient of linearly expansion by combining fiber 
having a negative coefficient of linear expansign along a fiber 
direction and fiber having a positive coefficient of linear 
expansion along the fiber direction so as to cancel these 
coefficients each other. 

However, in the method, it would be difficult ror the both 
of reinrorced fiber and resin matrix to provide suitable 
characteristics , Upon considering strength and heat-resistant 
of the fiber reinforced resin composite material originally 
required, a material selection is so restricted. 

A factor for determining a coefficient of linear expansion 



of a plate member and a furnished product itiad^ of reinforced fiber 
resin composite material is not only a coefficient o£ linear 
expansion of these materials v but also "&T 'blen'ding ratio o£ the 
reinforced fiber and the matrix resin. Depending on a kind of 
reinforced fiber, such as monofilament! yarn doubling and yarn 
twisting, a structure of prepreg and a laminating condition such 
as a three dimensional laminating structure formed by 
biaxial/triaxial textile with one-way prepreg aligned along one 
direction and a structure of filaments and their laminated 
s t ruct ure . 

Tnc present inventors reviewed a combination of reinforced 
fibers and their kinds, a selected structure of the reinforced 
fiber and a prepreg so as to provide reinrorced fiber resin 
i composite material having superior characteristics wherein the 
inventors found factors how a coefficient of linear expansion 
| can be effectively and finely reduced. 

Disclosure of the Invention 
Regarding an in-plane guas i- i so t r op i c material formed by 
reinforced fiber resin compos ite material according to the present 
= invention, two kinds or more than reinrorced fibers are combined, 
wherein at least one reinrorced riser having a negative 
coefficient of linear expansion is included, A respective sheet 
woven by one kind or more than reinforced fibers of which each 
coefficient of linear expansion is controlled is combined so as 
to reduce a total coefficient of linear expansion, wherein two 
kinds or more than reinforced fibers are formed as a strand in 
a condition of monofilament, yarn doubling or twisting yarn. 

Under the above structure, a plurality of sheets formed 
by one kind or more than reinforced fiber in which c three 



^ \ 4 
dimensional structure of twisting yarn, biaxial textile or 
triaxial textile controls its coefficient of linear expansion 
are combined so as to provide an in-plane quasi-isofcropic material 
by providing reinforced fiber resin composite material wherein 
the coefficient o£ lin«»sr expansion is reduced. 

Further, two or more than sheets made or reinforced fiber 
are combined wherein a coefficient of linear expansion of the 
respective reinforced f i'be r" i sr'd'i'f f e'-'reht -e a-ch- othe r and at least 
on* reinforced fiber has a negative coefficient of linear 
expansion so as to provide an in-plane quas i - i s o t r op i c material 
by providing reinforced fiber resin composite material wherein 
£ the coefficient of linear expansion is reduced. These kinds of 
yg reinforced fibers can be selected from various selections. Even 
n ] It a reinforced fiber had an excellent elastic modulus and 
[=j excellent chemical characteristics, the reinforced fiber could 
%4 not have been utilized since the reinforced fiber has a negative 
^' coefficient of linear expansion. Unless a reinforced fiber had 
Ha proper coefficient of linear expansion, the reinforced fiber 
rj could not have been utilized- Nowadays, thece reinforced fibers 
J can be utilised in the present invention. 

By combining these reinforced fibers in a "form of one prepreg 
or a plurality of prepreg, a total coefficient of linear expansion 
is cont rolled to a predetermined level. After forming reinforced 
fiber resin composite material with these reinforced fibers, a 
o final coefficient of the material would be within a preferable 
range,, for example, substantially zero. Regarding the combined 
reinforced fibers, the respective coefficient of linear expansion 
of monofilament is not so important. The coefficient of linear 
expansion of the reinforced fiber with respect to a resin matrix 
and the coefficient of the resin matrix are finally controlled 



so that a reduced coefficient of linear expansion can be provided. 
Upon considering a structure of reinforced fiber formed by 
monofilaroent, a coefficient of linear expansion o £ the combined 
reinforced fibers is controlled by selecting kinds and number 

©£ reinforced fibers and its blending ratio. 

Embodiments of these reinforced fibers may be yarn doubling 

of which the total coefficient of linear expansion is controlled 
or a strand formed by two kinds or more than reinforced fibers 
are bundled. 

In the present invention as claimed in claim 3, a coefficient 
of linear expansion is controlled by utilizing a fact that the 
coefficient is varied by a three dimensional structure of 
fl reinforced fiber* R t h,r e e„„d i t mens ijD.n a 1 . st r u c t u r e is formed by 
re] twisting yarn in which reinforced fibers are twisted so that a 
H substantial length becomes longer and a twisting condition i? 
%J changed caused by expansion/contraction of the twisting yarn. 
['^ As the result, an apparent coefficient of linear expansion is 
changed. Thus, a substantial coefficient of linear expansion 
O can be varied by utilising such a twisting yarn. By preparing 
a prepreg formed by reinforced fibers made of the twisting yarn, 
a coefficient of linear expansion of a fiber reinforced structure 
can be controlled by utilizing tne same Kind of reinforced fiber. 
as similarly, by preparing one-way prepreg, prepreg formed by 
biaxial textile or prepreg formed by triaxial textile, the 
substantial length o£ the fiber is different depending on their 
three dimensional textile, str u*c t-u r-es.v .-Apparent coefficient of 
linear expansion is varied caused by expansion/contraction o£ 
the prepreg. Upon considering the difference of the coefficients 
of linear expansion caused by the structures of the prepregs, 
the total coefficient of linear expansion of fiber reinforced 



resin composite material can be reduced to a predetermined level, 
In the present invention as claimed in claim 4, a coefficient 
of linear expansion of a laminated reinforced structure is 
controlled by combining sheets with different coefficients of 

linear expansion masds .of ..reinf org,^cl- f,41?^r.5 ( , having different 

coefficients of Unear expansion- Regarding these sheers having 

different: linear expansion ratio, a sheet aligned along on« 
direction and a sheet formed by biaxial/ triaxial textile may be 
utilised, A coefficient of linear expansion is controlled by 
laminating a predetermined number of pairs including two or more 
than sheers having different coefficients of linear expansion 
so as to reduce a coefficient of linear expansion of fiber 
reinforced resin composite material to a predetermined level as 
an in-plane quasi-isotropic material. 

As described above, by combining reinforced fibers having 
different coefficient of linear expansion, or considering a three 
dimensional structure of sheets, the coefficient of linear 
expansion is controlled b'y-l'fcmi-nsit'iTftf'sh'e'ets -formed by reinforced 
fibers having a different coefficient of linear expansion so that 
a coefficient of linear expansion of reinforced fiber resin 
composite material can be controlled to a predetermined level. 
In addition, by combining these structures/ a total coefficient 
or liner expansion can be controlled more effectively and easily. 

Brief Description of the Drawings 
Fig. 1 is a schematic view for explaining a control of a 

coefficient of linear expansion of fiber reinforced resin 

composite material . 

Fig. 2 shows a structure bundled by reinforced fibers A 

and B, wherein each coefficient of linear expansion is different. 
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Fig. 3 shows an example of a prepreg sheet formed by bundled 
fibers of which the respective coefficient o£ linear expansion 
is different each other * Fig- 3(a) shows $ one-way prepreg sheet, 
Fig, 3{b) shows a biaxial prepreg sheet and Fig» 3(c) shows a 
triaxial prepreg sheet. 

Fig- 4 shows an example of fiber bundle having a constant 
coefficient of linear expansion formed by reinrorced fibers having 
dirrerent coefficient: of linear expansion- Fig, 4(a) is an 

example off the one-way direction prepreg; Fig. 4 (b) is e pc amp 1 

of the biaxial prepreg sheet;, ancj Fig : 4 (j?)^ is an example of the 

triaxial pxepreg sheer. 

The Preferred Embodiment of the Present Invention 
With reference to the accompanying drawing?/ it will be 
explained a concrete structure of fiber reinforced resin composite 
material according to the present invention and its embodiments . 

Fig* 1 shows a principle how a coefficient of linear 
expansion of an in-plane qua s i - i e o t r opi o plate according to the 
present invention is controlled to a predetermined level by 
combining a sheet 1 and a sheet 2 having different coefficient 
of linear expansion each other. In Fig. l f one reinforced fiber 
has a negative coefficient of linear expansion. Regarding the 
other reinforced fiber, "it 5. ■ c a-e f f .i o-ient .may. -be. relatively large 
(positive) • By alternatively laminating the sheet l and the sheet 
2 as shown in Fig. 1 in order to provide an in-plate quasi-isotropic 
plate and thermally hardening the place, a coefficient of linear 
expansion formed as fiber reinforced resin composite material 
can be controlled to zero or a predetermined level. 

Under the structure described above , a coefficient of linear 
expansion of each reinforced fiber and a coefficient of linear 



expansion of matrix resin can be selected easily. Under the 
combination, fiber having a high elastic coefficient and 

reinforced fiber having excellent chemical characteristic* mv> y 
be blended with reinforced fiber of which material is suitable 
fox controlling a coefficient or linear expansion so as to provide 
new material having the laost preferable characteristics. 

Fig. 2 shows a bundle of reinforced fibers formed by at 
least two kinds of fibers, a reinforced fiber A with one coefficient 
of linear expansion and a reinforced fiber e with a different: 
coefficient of linear expansion. By blending these two kinds 
of reinforced fibers, a strand of which a coefficient of linear 
^ expansion is controlled to a predetermined value can be obtained. 

By bundling reinforced fibers, bundled fibers can be treated 
j as one material having a constant coefficient of linear expansion 
| so that composite ma t e r t A a 1,. ca.n ; J? e .„f.o rm* d by a one-way prepreg 
| by aligning these bundles along one direction, a biaxial textile 
"prepreg; or a triaxial textile prepreg. Accordingly, by 
^laminating a predetermined number of prepreg formed by fiber 
.bundles having a constant coefficient of linear expansion, a 
/coefficient of linear expansion of an in-plate quasi-isotropic 
opiate can be controlled. 

Fig. 3(a) shows a one-way prepreg wherein fiber bundles 
A and B formed by reinforced fibers having different coefficient 
of linear expansion are aligned along on* direction, Fig, 3(b) 
shows a biaxial textile prepreg and Fig. 3(c) shows a triaxial 
textile prepreg. The coefficient of linear expansion can be 
controlled to the predetermined level by alternatively aligning 
fiber bundles A and B ha vi-ngv-dd-f f-er.en.t „ cqxs f.fici ent o£ linear 
expansion each other. A product process of the material i s as 
similar as that of normal reinforced fiber resin composite 



material . 

Fig, 4 (a) through 4(c) shows examples of fiber bundles 3 
having a predetermined value of linear cxpahs iota by blending 
reinforced fibers having different coefficient of linear 
expansion as shown in Fig* 2, respectively. In these examples, 

the rirjer bundles have tl)e same coefficient or linear expansion 

SO that the fiber bundles can. be treated, as similar normal 
fiber bundles. In an ©xampl e v a s ' "shVWh *ih* Fi'g*; ■ 4 ( a ) r a diameter 
of a monofilament is -a to 50 /i in and number of fibers are 10 to 
1000, 000. By aligning these fibers as shown in Pig * 4 { a ) , one-way 
prcpreg having a thickness of 10 to 5 0 0 ti m and a width of 1 to 
150cm can be provided. 

Fig, 4(b) and 4(c) is examples of biaxial textile and 
triaxial textile, respectively. 

Regarding a combination of reinforced fibers according to 
the present invention, actual cases of the combination of 
reinforced fiber and resin matrix are shown as follows: 

(1) Characteristics of epoxy system resin used for a matrix 

trcnoile elastic modulus; 360kg-/mra 2 
Foisson ratio; 0-35 
Thermal expansion ratio: 6 0ppm/*C 

(2) characteristics of Reinforced Tiber; fiber type, coefficient 
of linear expansion and tensile elastic modulus or reinforced 
f iJber are shown in Table 1 



Table 1: fiber type, coefficient of linear expansion and tensile 
elastic modulus o£ reinforced fiber 



Fiber type 


Tensile elastic 
modulus along a. 
fiber direction 
Kg * / mm 


Coefficient of 

along a fiber 
direction x!0 /^U 


PAN-bflsod carbon 

IlJJSI ^ l'l J U J J 


48,500 


-1 


FAN-based carbon 
t ioer (Woo jj 


60 , 000 


-1 - 1 


PAN-based carbon 

X X LJ t£ X \ 1*1 _J u o y 


23 , SO 0 


-0.41 


PAN-bas e d carbon 

r: l _ „ / tvit K A *r \ 

rijaer (Mo U 


35,000 


-0.73 


Pitch-b^sed carbon 
X 1 oe r (IS - J a ; 


35, 690 


-1 . 1 


P i tch - h a <i a i*Vi n n 
*> * w v u w a i? c u v a i u n 

fiber [ Y5-60 ) 


61, 183 


-1 , 5 


Pitch-based carbon 

riber c*s-70) 


71, 972 


-1.5 


Aramia Tiber 

(K149) 


19, 0 0 D 


-2 


PBO £ib«?=- (zairon) 


2 8,500 


- 6 



PBO: Polyparaphenylene Benzo Oxazale 



"!f Eairon; trademark registered- b-y tO¥-o .-eo&rkj:- Co..,, Ltd. 

O A sheet is formed by arranging these reinforced fibers along 

one direction and immersed in matrix resin as one-way directional 

|y material- in the case of an in-plane quaci-isotropic plate formed 

c- 

O h Y laminating these sheets, a coefficient of linear expansion 
of the plate is calculated by the following equation (the equation 
yj and its explanation were disclosed by one of inventors at a seminar 
Q or Co mp osire Material at Hokuriku division on Ap ril 14, 1993), 
These reinforced fibers are formed as one-way sheet, biaxial 
textile or triaxial textile. An in-plane qua s i - i s o t r op i c 
material is formed by laminating these sheets and hardened 50 
as to form composite material. The coefficient or linear 
expansion of the respect i^'e' *f ib^er'and' Sheet' i*n the composite 
material can be judged in a macro view. Even if the structure 

of the composite material is different, the total coefficient 

can be treated usually, 
o- A blend ratio in the case of bundled fibers as shown in 



Fig. 2 formed by blending two kinds of fibers having different 
coefficient of linear expansion is recognised as a hybrid ratio. 
A ratio o£ combining a yarn prepreg, a one-way prepreg, a biaxial 
prcpreg, a triaxial prepreg and a four-axial prepreg formed by 
bundled fibers of two kinds of ribers having the dirrercnt 
coefficient or linear expansion can be treated as a hybrid ratio. 

at - (Sl 4 - ee L-fBi* & T + p. as L -t- £i iiT^Si,* { Qf ^-f-CK T ; ) / (E L + E T t2/Z 17 ^Bl) 

In the equati on f 

El: elastic modulus of one-way material along a fiber direction 
E-: elastic modulus of one-way material along a direction 
perpendicular to the fiber direction 
(i L7= Poisson ratio 

a L : coefficient or linear expansion of one-way material along 
a fiber direction 

ot T : coefficient of 1 ine a r...e *.p *.n b ijp.n^.o.f ,0^8 - way material along 
a direction perpendicular to the fiber direction 

Material characteristics of these one-way materials arc 
determined by kind of fiber and resin and a content ratio o£ fiber* 
Regardincf characteristics of reinforced fiber, an alastic modulus 
of one-vay material along a transversal direction or a crimp ratio 
of textile are influenced. However, there is not sufficient data 
about them. Therefore, regarding the influence caused by these 
factors are estimated based on an experimental knowledge and 
checked actually. 

(3) An in-plane quasi-isotropic plate is formed by laminating 
sheets made of one-way prepreg and prepreg formed by biaxial 
textile in accordance with the following method, 
(a) A prepreg is forme'd. by *a -pa i**?.--.o £■ • on <&.- way- . pr epr e g formed 
by a layer 1 and a layer 2 as shown in Fig. 1. These pairs 
are laminated along directions of 0° , 90° „ 45° , -45° , -45° / 



45 ° , 90° , 0 ° in order so as to form an in-plane 
quasi-isotropic plate , 
lb) Eight sheets of one-way prepregs having th© same 
characteristics as shown in Fig- 4(a) formed by fibers as 
shown in Fig. 2 Aire l^min* t <«d along direction of 0° ,90° , 
45° , -45° , -45° , 45° / 90 9 , 0° in order so as ro form an 
3-n-pl^n« quasi-isotropic plate. 

(c) inche case of biaxial textile, if s crimp ratio is controller 

to reduce, tbc: textile is not: so different from the one-w-ay 

material and substantially utilised as same as the one-way 
prepreg. Tbe similar plate can be produced by laminating 
sheets of the biaxial textile along a direction of 0° ,45° , 
U2 45° , 0* * These four prepregs are same material formed by 

p- yarn doubling o£ two kinds or more than fibers, combing 

:^ wool or a textile alternatively woven by these fiber bundles. 

such a structure is shown in Fig. 2, Fig. 3(b) and Fig- 

(d) Regarding an in-pUne qua s i - i s o t r op i c plate formed by the 
L~i above described method; a relation between a hybrid ratio 

caicalatedby the a b-oye e qu a t. i g,i>, .a n.d, & . cp e f icient of thermal 
expansion is shown in Table 2. 
Tabic 2 : Hybrid ratio of fiber and coefficient of thermal expansion 



of an in-plane quasi^isotropic plate 



Fiber type 


Hybrid ratio (%) « weight of fiber A/ (weight 
of fiber A + weight or fiber B } x loo 


Fiber 
A 


Fiber 

B 


0% 




40% 


60* 


8 0$ 


100% 


M50 J 


MS DJ 


-0.21 


-0.14 


-0.06 


0.02 


0.11 


0.21 


YS-35 


YS-60 


-0,39 


-0,24 


-0 , 07 


0 . 18 


0.41 


0.74 


K149 


YS-70 


-0 . S5 


-0.36 


-0-11 


0.28 


0-93 


2 .24 



(Note) 

Lamination direction: 0° ,30° , t45° r -45° , -45° , +45° , 30° , 
0° 
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Vf= 60% 

As shown in Table 2, it would be found a minimum coefficient 
of thermal expansion depending on the hybrid ratio. Hybrid ratios 

o- 

of reinforced fibers of which a total coefficient of thermal 
expansion is zero are shown in Table 3. 

Table 3; Weight ratio of Fibers a and B, and elastic modulus 
in the case that an in-plane coefficient; or thermal 



expansion is zero 



Fiber type 


Weight of fiber ( £- ) 


Elastic 
modulus 
( kg /mm 2 ) 


Fiber A 


Fiber £ 


Fiber A 


Fiber B 


M50CT 


M60 J 


55.1 


44.9 


11/328 


YS-35 


YS-60 


44 . $ 


55,4 


10 f 619 


K149 


VS-70 


45.4 


53 . 6 


10,099 



(More) vf=60% 



(4) In the case of a triaxial textile, an in-plane guasi-isotropic 
characteristic can be obtained by one textile sheet. In such 
a case, a crimp ratio is varied depending on its thickness. 
Therefore/ it has been checked ratios of textile having 
thickness of 0 - Immm and 0.2mm. 
(a) A relation between a hybrid ratio and a coefficient of 
thermal expansion or composite material formed by a triaxial 
textile having a thickness 0,1mm calculated from the above 
equation 

Table 4: Hyhrld ratio of fiber and in-plane thermal expansion 



coefficient (unit; ppia/*C ) 



Fiber type 


Hybrid r at ia.,.(,%,).. == .y .q£ £ ib e.s A/ (weight 
of fiber A + weiqrht o£ fiber E) x 100 


"Pibe 

r A 


Fiber B 


0% 


2 0% 


40% 


60S 


80$ 


100% 


T300 


JSairon 


-2.86 


-1.98 


-1 . 04 


-0.04 


1 .04 


2 . 19 


K149 


Z air on 


-2-86 


-2.11 


-1.26 


-0, 27 


0.89 


2.26 


M35J 


zairon 


-2,86 


-1-98 


-1 . 17 


-0.03 


0.27 


0 . 92 



(Note) thickness of triaxial textile: 0,1mm 



o 

V f = 6 0% 



As similarly, the hybrid ratio is shown in Table 5 in the 
case that a thermal expansion coefficient of the combined fibers 
as shown in Fig. 4 is zero. 

Table 5; Weight srjst-fcio ©£ £ib?is A and B , and elastic modulus 
of which an in-plane thermal expansion coefficient: is 
zero- 



Kind of fiber 


Weight o£ fiber <%) 


Elastic 
modulus 
(kg /mm 2 ) 


Fiber A 


Fiber B 


Fiber A 


Fiber B 


T300 


2 a iron 


60 . 7 


39.3 


5 , 725 


K149 


Zairon 




35 


S r 038 


M35 J 


JSairon 


72 . 1 


27.9 


7,221 



(Note) Thicfcness of triaxial textile: 0-lmm 

Vf -60% 



(b) Table 6 shows a relation between the hybrid ratio and thermal 
expansion coefficient of composite material made of triaxial 
textile having a thickness of 0 . 2mm calculated from the above 
equation . v „ , 

Table 6; Hybrid ratio of fiber and in-plane thermal expansion 
coefficient of triaxial textile (unit: ppm/'C ) 



Fiber type 


Hybrid ratio (%) =* weight of fiber A/ (weight 
of fiber A + weight of fiber S) x 100 


Fiber A 


Fiber B 


0% 


20% 


40% 


60% 


6 0% 


i o o a- 


T300 


Zairon 


-2.80 


-1.94 


-1.02 


-0 * 03 


1 .05 


2 .22 


K149 


Sairon 


-2.80 


-2 .08 


-1.24 


-0*26 


0.90 


2 .31 


M35J 


53 a iron 


-2.90 


-1.95 


-1.16 


-0*42 


0.28 


0 . 95 



(Note) a thickness of triaxial textile: 0.2mm, 



vf = 60% 

as similarly, the hybrid ratio is snown in Table 7 in the 
case that a thermal expansion coefficient of the combined fibers 
as shown in Fig, 6 is zero 

Tablet 7: Weight ratio of Fibers A and B, and elastic modulus in 
the case that an in-plane quas'i-i'sotropic thermal 



expansion coefficient: is zero- 



Fiber type 


Weight of fiber {%) 


Elastic 
modulus 
( kg /mm 2 ) 


Fiber A. 


Fiber B 


Fiber a 


Tiber B 


7300 


Zairon 


SO • 6 


39 - 4 


5,713 


K149 


Zairon 


64 . 8 


35.2 


5,026 


M35 J 


zairon 


71 . 8 


28,2 


7,168 



(Note) Thickness of triaxial text ile r o . 2mm 

Vf-60& 

In the above embodiments t epoxy resin is used as a matrix. 
However, if any resins „haye proper chsrecteriscics/ various 
thermoplastic resin can be used as the matrix. In addition/ a 
matrix of composite material including resin and metal may be 
used if the matrix has proper characteristics. 

Further, it is ertectlve to control coefficient of thermal 
expansion of these resin- Characteristics of resin such as a 
coefficient of thermal expansion may be controlled by blending 
various fillers in the resin. 

Although the above embodiments show an isotropic 
coefficient of linear expansion by providing fiber reinforced 
resin composite material having an in-plan« quasi-isotropic 
characteristic, a combination of fiber bundles and prepreg 
disclosed in the above embodiments may be controlled in the case 
that a coefficient of l-inear ..expansion. . i.s ,.di f .f.er ent depending 
on its direction- 

Industry Field Applicable to the Invention 

In fiber reinforced resin composite material according to 
the present invention, reinforced fiber having various 
characteristics and different coefficient of linear expansion 
and matrix resin are combined in the above described embodiments- 
By controlling a coefficient of linear expansion of reinforced 
fibers, fiber reinforced resin composite material having a 



controlled coefficient of linear expansion and preferable 
characteristics can be obtained. The material can be broadly 
utilised as a structure and a part used in a fine machinery ©tf 
an air craft and space environment vh^r§ varying temperature and 
thermal vxpansion caused by varying "Temperature are remarkably 
influenced . 
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Claims : 

1, In-plane quasi-isotropic fiber reinforced resin composite 
material having a reduced coefficient of linear expansion by 
combining sheets woven by one kind or more than reinforced fibers, 
each coefficient o£ lin9»9r * Kp « n 35 i o n of said sheets controlled 

to be reduced by combining two kinds or more than or relnrorced 
fibers wherein said r e i ri f d r ced'Yi ber's , "in''tfl u^a'esfa'r least: one kind 
or reinforced fibers having a negative coefficient of linear 
e xp end ion. 

2. In-plane qua s i - i s o t r op i c fiber reinforced resin composite 
material having a reduced coefficient of linear expansion as 
claimed in claim 1, said material characterised in that 

^monofilament, yarn doubling or blending strand is used for said 
j^two kinds or more than of reinforced fibers. 

33- in-plane quasi-isotropic fiber reinforced resin composite 
Tmaterial having a reduced coefficient of linear expansion as 
^claimed in claims 1 or 2, wherein said coefficient of linear 
leKpaneion is reduced by combining sheets woven by one kind or 
"more than reinforced fibers of which a coefficient of linear 
^expansion is controlled by a three dimensional structure of 
ifcwifiting yarn, biaxial textile or triaxial textile . 
4* In-plane quasi-isotropic fiber reinforced resin composite 

material having a reduced coefficient of linear expansion by 
combining sheets with different coefficient of linear expansion 
woven by one kind or more than reinforced fibers, wherein each 
coefficient of linear expansion of said reinforced fibers is 
controlled to be reduced by combining two kinds or mare than of 
reinforced fibers wherein at least one kind of said reinforced 
fibers has a negative coefficient of linear expansion. 
5. In-plane qua s i-i s ot r opi c fiber reinforced resin composite 



- * 18 
material Jiatring a reduced coefficient of linear expansion selected 
from material claimed in at least one of claims 1 through 4. 
6. Yarn prepreg/ one-way prepreg, biaxial textile, triaxial 

textile, four axial textile or a prepreg formed by these textile 

used for in-pl^rr^t (juAsi-isotropic fiber reinforced resin 

composite material as claimed in one of claims 1 rhrougn 5, wnerein 
a coefficient of linear expansion of said mate ri al is controlled- 



ABSTRACT 



In fiber reinforced resin composite materiel, in order to 
reduce a coefficient © f *' li'n £ a'r '■expaii'siW 'to -relatively small, 
particularly to rz^ro, two kind or more than reinforced fiber? 
are combined, wherein at least one reinforced Tiber with a negative 
coerriclent: of linear expansion is included, prepreg sneer rormefl 
them are laminated so as to provide in -plane quasi-isotropie plate - 

Thus, a. total coefficient o£ liner expansion of fiber reinforced 
resin composite material is controlled to zero. 

a coefficient of linear expansion or doubling yarn and 
combing wool combined by two kind or more than reinforced fibers 
is controlled/ a coefficient of linear expansion of prepreg sheet 
formed by these fiber bundles is controlled or a coefficient of 
linear expansion of fiber bundles formed by two Kinds or more 
than reinforced fibers is controlled by previously controlling 
the coefficient of linear expansion of t£e 'fiber bundles and 
considering an influence caused by a three dimensional structure 
of doubling yarn and textile* As the result, the coefficient 
of linear expansion of the composite material can be reduced as 
less as possible. 
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